Betel nut chewing is associated with oral cancers and diabetes. This study investigated whether betel nut chewing could be associated with hypertension in Taiwanese 
Introduction
The areca nut is the seed of the palm tree Areca catechu, and is the fourth most commonly used psychoactive substance, after caffeine, nicotine and alcohol (1) . Because areca nuts are always consumed with the leaves of the Piper betle, the chewing of areca nuts has always been referred to as "betel nut chewing" in the English literature (2) . There are an estimated 600 million people who chew betel nuts worldwide (3) . It is a common habit and is a means of social interaction in Asia, particularly the South Pacific islands, Southeast Asia, Papua New Guinea, Bangladesh, Pakistan and India (1) (2) (3) (4) . Chewing of betel nuts was forbidden in Taiwan during the Japanese reign more than 60 years ago (4) , but the habit has become popular in Taiwan over the past several decades, and in 1997 it was estimated that about 2.4 million, or 11.4%, of the total population engaged in betel nut chewing (5) . Moreover, the chewing population continues to increase in Taiwan, especially among younger males (6, 7) . In Taiwan, unripe areca nuts are commonly chewed with a mixture of lime and the leaves or flowers of the Piper betle, but without tobacco (4) .
Betel nut chewing has been linked to a variety of health problems, including oral lesions of leukoplakia, submucosal fibrosis, squamous cell carcinoma and periodontal disease (8, 9) , albuminuria in diabetic patients (10) , disruption of gastric mucosal barriers (11) , aggravation of asthma (12) , induction of extrapyramidal syndrome (13) , milk-alkali syndrome (14) , induction of uterine cervical dysplasia (15) , cancers of the esophagus (16) and liver (17) , and low birth weight of babies born to mothers chewing betel nut (18) . In more recent population-based studies in Taiwan, betel nut chewing has also been associated with a higher risk of type 2 diabetes mellitus (T2DM) (19) and total and cerebrovascular deaths (20) .
Studies on the cardiovascular effects of betel nut chewing are rare, and there has not been any population-based epidemiologic study evaluating this aspect of the habit. In an earlier study evaluating the cardiovascular response associated with betel nut chewing in a group of subjects in Taiwan, Chu found that betel nut chewing was associated with an elevated systolic blood pressure (SBP) in fresh chewers but not in habitual chewers (21) . However, a more recent study by the same group did not confirm this effect (7) , but rather showed a significant drop of diastolic blood pressure (DBP) and an insignificant increase of SBP in 30 healthy men (7) . The small number of cases and the use of exclusively healthy subjects in the later study could have been responsible for the discrepancy in the observations. Although experimental studies will be needed to investigate the pathogenetic mechanisms, it may prove highly difficult to reach satisfactory conclusions on the associations between betel nut chewing and clinical diseases, due to the complex constituents of the nuts and leaves and the interactions among various active compounds that occur during chewing. Moreover, any immediate effects observed following betel nut chewing would not necessarily impact human health over the long-term. For this reason, epidemiologic studies are needed to evaluate the link between betel nut chewing and medical conditions. To the best of our knowledge, there has not been any previous epidemiologic study evaluating the effect of betel nut chewing on hypertension status. The purpose of this study was to evaluate whether betel nut chewing in patients with T2DM could be associated with the prevalence of hypertension by analyzing the data obtained in a national cohort of diabetic patients in Taiwan.
Methods

Study Subjects
The study was approved and supported by the ethics committee of the Department of Health of Taiwan and conducted following the local regulations. All subjects who submitted to the telephone interview were first informed of the purpose of the study and gave their consent to participate. Because more than 96% (after exemption of persons involved in military services and those subject to criminal sanction, etc.) of the total population of Taiwan has been covered by the compulsory and universal National Health Insurance (NHI) plan Data are mean±SD or %.
since March 1995, almost all diabetic patients in Taiwan have been using the NHI (22) (23) (24) (25) . Therefore, the NHI database of insurance claims submitted by clinics and hospitals is appropriate to derive a national sample of diabetic patients. The assembly of such a national sample has been described in detail elsewhere (22) (23) (24) (25) . In brief, the total case number of diabetic patients identified by using the NHI database was 536,159, from which a total of 256,036 diabetic patients were identified from 66 hospitals and clinics located evenly throughout Taiwan. The clinical settings were selected under the consideration of homogeneous geographical distribution.
To create a cohort of 90,000 patients (approximately onesixth of the total number of diabetic patients in Taiwan during the period) for long-term follow-up, 128,572 cases from the 256,036 patients were randomly selected, anticipating a response rate of 70%.
Telephone Interview
The telephone surveys were conducted between March 1, 1995 and April 30, 2002 by well-trained interviewers using a structured questionnaire. The interviewers tried up to three times to reach subjects before giving up. In order to obtain all required information from the patients and keep missing data as minimal as possible, the interviewers handed in the completed questionnaires each week, and all returned questionnaires were checked by an assistant and then double-checked by the investigator. The information obtained from the interview included the onset age of diabetes, onset symptoms and treatment modality for the distinction between type 1 diabetes mellitus (T1DM) and T2DM, body height, body weight, history of hypertension, self reported SBP and DBP, smoking and betel nut chewing.
The classification of T1DM was based on either one of the following two criteria: 1) diabetic ketoacidosis at the onset of diabetes mellitus; and 2) requirement of insulin injection within 1 year of diagnosis of diabetes mellitus. If a patient was not diagnosed with T1DM, he/she was viewed as having T2DM. Patients identified as having T1DM were not included in the present study. Hypertension was defined by self-reported history and also by reported SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg. Diabetic duration was calculated as the age at the time of interview minus the onset age of diabetes; and body mass index (BMI) was calculated from the body weight in kg divided by the squared body height in m.
Statistical Analyses
Data were analyzed separately for either sex. Age, diabetic duration, BMI and cigarette smoking were considered as potential confounders. Although tobacco is not added to the betel quid in Taiwan, a smoking habit is generally associated with the habit of betel nut chewing. Therefore, cigarette smoking was analyzed as one of the potential confounders.
The characteristics between the diabetic men and women were compared by Student's t-test and χ 2 test for continuous and categorical variables, respectively. The age-and sex-specific prevalences of betel nut chewing were calculated and tested by χ 2 test. Age-and sex-specific prevalences of hypertension by betel nut chewing and smoking were tested by χ 2 test. Logistic regression was used to estimate the multivariate-adjusted odds ratios and their 95% confidence intervals for hypertension with the following variables entered as independent variables in the models: age, diabetic duration, BMI, smoking and betel nut chewing. Multiple linear regression models for estimating SBP and DBP were generated using similar independent variables. Data were expressed as the 
Reliability of Questionnaire Information
In order to understand whether the information obtained from the questionnaire interview was reliable, a repeated interview by different interviewers was completed in 728 patients out of a random sample of 1,000 patients within 12 months (22) . The continuous variables of onset age of diabetes, body height, body weight, SBP and DBP were analyzed by correlation coefficients; and the categorical variables of personal history of smoking, hypertension and betel nut chewing were analyzed by percent agreement.
Results
A total of 93,484 (response rate: 72.7%) participants completed the interview. The age and sex distributions of the responders did not differ significantly from those in the original cohort of 256,036 patients: age 61.2±11.9 vs. 61.2±15.2 years, and % men 46.2% vs. 46.4%, respectively. The questions on betel nut chewing were added some time after the start of the interview. Therefore, the earlier interviews did not include data on betel nut chewing. After excluding patients with T1DM (n= 3,528) and those with an unknown history of betel nut chewing (n= 8,730), there were a total of 81,226 (37,226 men and 44,000 women) patients with T2DM included in this study. Table 1 shows the characteristics of the study subjects and the comparison of these characteristics between chewers and non-chewers. The habit of betel nut chewing was more common in the diabetic men (20.4%) than in the women (1.1%). The chewers were significantly younger and had a shorter diabetic duration than the non-chewers in both sexes. Cigarette smoking was significantly associated with the habit of betel nut chewing, and this association was more remarkable in the diabetic men. In men, the prevalence of hypertension was significantly lower in the chewers than in the non-chewers, probably because the chewers were younger and had a shorter diabetic duration than the non-chewers; but in women, the prevalence of hypertension remained significantly higher in chewers than in non-chewers. BMI was significantly higher in the chewing groups in both sexes. Although the differences were small, both SBP and DBP were higher in the chewing groups in both sexes. Table 2 shows the prevalences of betel nut chewing by age and sex. The results showed that betel nut chewing was a more common habit in the younger patients than in the older patients in both sexes. Table 3 shows the age-and sex-specific prevalence of hypertension by betel nut chewing and cigarette smoking. In the diabetic men, betel nut chewing and smoking were significantly associated with a higher prevalence of hypertension in the age groups of 40-49 and 50-59 years; but in the diabetic women, betel nut chewing was significantly associated with hypertension for all age groups except those ≥ 70 years and smoking was significant only for the age group of 60-69 years. Table 4 shows the regression coefficients for estimating SBP and DBP and the adjusted odds ratios for hypertension for the independent variables entered separately into the models for either sex. Age, BMI, diabetic duration and betel nut chewing (i.e., all the variables except for smoking) were all significantly associated with SBP and DBP; and also with significantly higher odds ratios for hypertension.
The information obtained from the questionnaire interview was very reliable. The correlation coefficients for two differ- 
Discussion
The findings suggested that betel nut chewing was significantly associated with hypertension in both sexes in Taiwanese patients with T2DM (Table 4 ). The effects seemed to be stronger in the diabetic women, although fewer women than men had a betel nut chewing habit (Tables 1 and 2 ). The data shown in Table 3 suggested that the higher prevalence of hypertension associated with betel nut chewing was more consistently observed in different strata of age in the diabetic women; and an extraordinarily high prevalence of 40% was seen even in those aged < 40 years. The stronger association between betel nut chewing and hypertension in the diabetic women than in their male counterparts could be confirmed in the regression models evaluating odds ratios for hypertension and the multiple regression coefficients for SBP and DBP (Table 4 ). There are no explanations for this sexual difference in the impact of betel nut chewing at this time. The question of whether there is an interaction between estrogen and the ingredients or compounds formed during the chewing of betel nuts will require further investigation. Because the chewers were significantly younger in age and they were always cigarette smokers (Tables 1 and 2 ), the distribution of other potential risk factors might also have differed among the subgroups. This might partly explain why the prevalence of hypertension was higher in non-chewers in the age group ≥ 70 years and in the total patients in the diabetic men (Table 3) . However, the association between betel nut chewing and hypertension could be confirmed after multivariate adjustment, as shown in the multiple regression models.
Although smoking might also be associated with hypertension, its effect was not as remarkable as that observed for the association between betel nut chewing and hypertension, especially in the diabetic women (Table 3 ). In the regression models, smoking was not significantly associated with hypertension after adjustment for betel nut chewing and other potential confounders (Table 4) . These results suggested that in countries where betel nut chewing is a common habit, the evaluation of health effects associated with smoking should always simultaneously include betel nut chewing as a potential confounder.
Although the real pathogenetic mechanism(s) remains unknown, some of the biological effects associated with the ingredients of areca nuts or the compounds formed during chewing might explain some of the possibilities. The common preparations of the betel nut quid in Taiwan consist of three major components: the nuts of Areca catechu, quicklime and the leaves or flowers of the Piper betle (4). Sympathetic overdrive is considered to be one of the possible mechanisms leading to the increase of blood pressure and cardiovascular disease (26) . The areca nut contains arecoline, which exerts a cholinergic action at the muscarinic and nicotinic receptors (27) . This cholinergic action on the central nervous system could possibly produce the cortical arousal and alertness which is always claimed as one of the merits experienced by the betel nut chewers. On the other hand, a study in rats suggested that arecoline might stimulate the hypothalamic-pituitary-adrenal axis through a centrally mediated corticotrophin-releasing hormone-dependent mechanism (28) . In the presence of lime, arecoline is hydrolyzed to arecaidine, which lacks the parasympathomimetic effects of arecoline (4) and exerts a sympathetic effect by inhibition of γ-aminobutyric acid (GABA) uptake (29) . However, a later study suggested that arecaidine may not cross the blood-brain barrier and the central effects may involve transmitters other than GABA (30) . The aromatic substances (e.g., eugenol, isoeugenol and hydroxychavicol) in the flowers or leaves of the Piper betle plant can stimulate the release of catecholamines from chromaffin cells in vitro (31) , and circulating norepinephrine and epinephrine levels are elevated following betel nut chewing (32) . However, these sympathomimetic effects of arecoline might be mediated by central cholinergic mechanisms (33) . Therefore, both areca nuts and Piper betle flowers may exert sympathomimetic effects. A determination of whether these sympathomimetic effects may be responsible for the hypertension observed in the present study awaits further investigation.
Reactive oxygen species and N-nitroso compounds can also be formed in the oral cavity during the chewing of betel nuts (34, 35) . In vitro studies have also demonstrated that betel nut components increased the release of inflammatory mediators such as prostanoids, interleukin-6 and tumor necrosis factor-α (36, 37) . The production of these chemical agents might be the mediators responsible for the carcinogenicity and diabetogenicity associated with betel nut chewing. All of these chemicals are also potentially causative of hypertension and cardiovascular disease through the mechanisms of endothelial dysfunction, expression of vascular cell adhesion molecules, induction of insulin resistance and diminished fibrinolysis (38) (39) (40) (41) (42) (43) .
The principle strength of this study is its large sample size. However, some limitations deserve mentioning. This study was conducted in diabetic patients, and it is not known whether its results are directly extensible to the general population without diabetes. In addition, the dose-response relationship and duration of betel nut chewing were not considered, and future studies will be needed to address these variables. Longitudinal studies will also be needed to clarify the cause/effect relationship between betel nut chewing and hypertension. Another limitation in this study is that blood pressure measurements were not recorded. Measurements of blood pressure might not have been effective at providing an overview of the average blood pressure over time, which is why the use of self-reporting of general blood pressure in our patients might on the other hand have provided some advantage. This limitation did not change the conclusions, because the results were similar if hypertension was defined by a positive history without considering the reported blood pressure in secondary analyses (data not shown).
It is difficult to check the validity of a telephone interview, and we did not attempt to do so here. However, taking into account the reliability of two different interviews in most of the variables used in the study, the validity was believed to be good. Even if a recall bias did exist, it would probably only underestimate the risk because the misclassification bias might not be differential.
Our results showed that the prevalence of hypertension in the chewing group was lower than that in the non-chewing group in men aged ≥ 70 years (Table 3) . Because we considered that the effect of age might not have been linear in the male group, we refitted the logistic regression model by entering age as a categorical variable. The odds ratio for hypertension for chewers vs. non-chewers remained significant without a remarkable change in magnitude: 1.079 (1.012-1.150) (p= 0.020).
In this study, information on the use of antihypertensive agents was not gathered by the interviewers because it was deemed difficult to obtain such information by telephone interview. Therefore, the observed association between betel nut chewing and blood pressures in the regression models (Table 4 ) requires further confirmation in the absence of confounding by antihypertensive drugs. Future studies with a blinded and randomized clinical trial will surely better demonstrate the hypertensive effect of areca nut chewing and the preventability of hypertension after withdrawal from the chewing habit.
In conclusion, betel nut chewing in Taiwanese patients with T2DM was associated with hypertension. Although the diabetic women had a lower prevalence of betel nut chewing, the magnitudes of association with hypertension were actually more remarkable than those observed in their male counterparts. While the chewing of betel nuts is decreasing in some countries, such as Thailand (44), the prevalence keeps on increasing in Taiwan, especially in the younger generation. It is thus urgent that policy makers implement health education programs for younger men and women to curb the increasing prevalence of betel nut chewing and its associated health problems.
